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Title of Invention 



1. A self concair.ed manufaccuring unit for toting Cu 
interconnect metallurgy on a semi conductor device comprising; 

an eaclosed chamber; 

an input station for introducing seioi conduct or waJsrs to be 
processed into said chamber; 

an output station for withdrawing seaii conductor wafers that 
have been processed in said chamber; 

a Cu plating apparatus station within said chamber; 

a barrier metai eiectroless plating apparatus station ; 

a primary polishing apparatus station; 

a secondary polishing apparatus station; 

an automated indexer apparatus within seid chaicber for 
•aoving- wafers to be processed from said input station, through 
said Cu plating station, said primary polishing station, said 
secondary polishing station, said barrier metal etch station, to 
said output station for withdrawal from said chamber for further 
processing in associated semiconductor manufacturing apparatus 
that require high clean room environments. 

2. the self contained unit of claim 1 which further includes a 
wafer cleaning station within said chamber/ 

said autcmaced indaxer apparatus capable of also delivering 
wafers to be processed to said wafer cleaning station. 
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3. The self concaia«d unit of ci;.im i , •. 

r,„n K claim 1 wherein said primary 

polishing apparatus station includes 

a racaca&le platen, 

a polishing disk on said platen. 

a aeans to dispense slurry on said plat*.i, 

" --otatabla c^rri^r above said platea Cor supporting a vafe- 
-o be poUshed in contact vith said polishing di^Jcf 

said secondary polishing apparatus station including a 
rotaca.1, ,iacen, . poU.Mn. .i.. on said platen, . TollL. 

IZTl '""^ supporting a wafer to be cleaned, 

and a aeans to dispense water on said platen . 

4. rixe self contained unit of clai« 1 vherein said barrier «etal 
layer Plating apparatus station is adapted to electrol.ssly plltV 

electrolessiy plate Cu, 

the self contained unit of claim 5 wherein said ba„ier metal 
lexer plating agp..atus is adapted to electrolessly deposit ,i« 

6- A process for for^^ng a Cu interconnect metallurgy cn a 
^.-om...curi«d integrated circuit substrate comprising,- 

3'abst'°r"' ' ''""^ =^^*^-=t.io lay=r cn c.e top surface of said 
soost. ate, in a vary clean environment.- 

depositing, exposing, and developing a ^sk on said 
substrate chat defines the desi-*-i 

^ „ , aesi.ed -nterconneccion metallurgy, 

a very clean eavirormenc; . ^ 
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etching grooves in s^iri , 
„,aalc,- " dielectric layer through said 

removing said ciasJc; 

depositing . thin fir,t layer of a barrier netai; 

depositing a thick layer of Cu on the ciielectric layer bv 
electro or -'ecc-olocse r^^^.l ^ . -^^^i-tiw xayer tjy 

or -.ect.oiess plating technics, in a lass scrircent 
clear, enviroaaent; sc-mgent 

aechanlcally polishing avay the thick Cu layer on the 

::::::: r "-^ '^^^^"^^ ^^^^^ Jf..:oTL 

ba.rxor layer , .n a less stringent clean envlron:nent,. 

selectively removing the exncsed barrier layer, in a less 
stringent clean envlronxent, ' a xess 

surt^TTc '^''^^'''^^^''^ -^'^•^ ^"-i" layer on tho 

"nCL'ient"^^"^^ " - - ^ -~ 

forming a second dielectric layer over the first dielectric 
layer in a vary clean envi^xienr, and ■ dxelectr.c 

repeating the aiove steps to for. « overlying laye. or 
interconnect metallurgy. ■'-'sye, Oi. 

• 7. The proc«. of clain 6 wherein the thick layer of Cu is 

deposited by electroplating technics «,ing the baxrler la"er as a 
conduce! ve bass. "-j-e^ iayer as a 



.9. Tha procass of claim 8 wherpi-i r»,«. , ^i. ■ '"^L ■ " 
iaver »^k- ^ . ^^"^"^ C.le activation of t.^ie barrier 

•t-ayer is achieved with Pd. 
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10 The process of claim 6 wherein the second barrier layer is 
deposited by eleccroless plating technics, in a less stringent 
Clean enviromnent . 

11 The process of clal« 6 wherein the grooves are etched in the 
substrate using plas=« etching technics, in a very clean 

environment. 

12 The process of claim XI wherein said thin first barrier laye^ 
is deposited by che^cal vapor deposition technics, in a ve^y 

Clean environmant . 

13. The process of claim li wherein said thin first barrier laye- 
rs deposited by sputter deposition technics. 

1«. The process of clairi 7 wherein the masking operation is a two 
step operation with a first nasJc to define the via holas, and a 
second masJc to define the interconnection netallurgy pattern. 

15. The process of claim 6 wherein the mechanical polishing 
• cambination of mechanical and chemical polishing. 

IS. The process of claim 6 wherein the barrier layer is TIM. 

17. The process of claim 6 wherein the very clean environment is 
Class and the less stri.-.gent clean environment is class 1000. 

18. The process of claim 6 wherein the thic-c Cu layer ^s 
_^ec.hanically polished to expose the underlylhg barrier layer, .a.-.d 

the barrier layer is selectively etched away to expose the top 
surface of said substrate. 

19^ The process of claim , wherein the mas. operation is a two 
Step operacion with a fi-at Ma«sr ^ * 

a second mas. to defire ;he 21 "'^"'^ • 

-o define the interconnection metallurgy pattern. 
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3. Detailed D e s c r i p t i o n o f Invention 
BACKGROUND OF THE rNVENTION 
1. Field Of The Invention 

The preseni: itiwention -el*tp.» 

ILul^u^lir''' ".icon.ucto.- devices, .o.e .pe=i..„Ily co 
^anu.a«u..n^ ap.oa.atu. and «.ethods for producing high density 
.nterconnsct metallurgy ror .eaiconductor devices. 

2 . Descrlpcion Of The Related Art 

There continues to be a c.a=atic increase in the complexity 
Of xn elated circuits each year. applications develorfor 
memories, »ic«prcce3scxs, and nUnicomputer, there is T 
xncrea,ing deraand for greater =ucrc«i..ituxization, greater 

Increased device inicrominiturization i^roves device 
performance, packing density and reduces cost per unit. However 
^cro.iniruri.ation reduces yield and reliability, and degrades 
xnterconnect perfor=iar.ce and noise nargins.. degrades 

devices 7tV -cronuniturization of semiconductor 

laye s for non-scaling lines, =ulti-level interconnections," 
and global planari.acion. ^.other alternative i= change the 

r:::rd™ Lv^-^^^^ - ^■^^ui.atinr.ateriais:::!;:^ 
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b... °' i^tarcormection metallurgy systems has loa^ 

be.n cons^dece.. as .„ alternative aetalU.acica material • to Al 

carry ^.^k current de.slcie.. However, it. use has presented Jy 
problens, such as the po^ibility of dirfusion into the 
semiconductor substrate, the low adhesive strength oZ Cu to 
varxous insulating layers, and the difficulties inherent in 

■ "ructu'r."^ '^'^^ ^"^'^ ''-^^^^"^^ 

An article entitled " Dual Damascene Copper Ketallization 
Process Using CheiaicalrMechanical Polishing " by S 
LaJcsh^arayanan et al, . describes a process wherein a cu 
metallurgy interconnection syste:a is fabricated by depositing Cu ' 
m grooves in .an o^ide layer, using Cu sputter deposition 
technics. The exces, Cu is then polished away using 
chemical/mechanical polishing leaving the Cu in tbe grooves. "The 
described process contains nu^xerous process steps thac are 
performed in a dry very clean enviror^ent, and process steps . 

• PoiishTnc " \T ''^^"'^^^^ - ^"^ environment, such as 
Pclashing. Each tx:.e the wafer is transferred from the wet to a 

envxronment a ti:r.e consu:aing and expensive cleaning and 
dryx^g operation must be performed. The described process called 
a Damascene process involves many such drv ^„ 
ehan„^» -1. ^ • ^ ^° «nvironment 

Changes that increase costs and potentially reduce yield 

The diffusion of Cu into semiconductor materials can be 
prevented by using various barrier layers which can also act to 
increase the adhesion of cu to various other dielectric 

^T'''' "'^ --^^-.yP^^erns by electroless 
" Lie ^-9<jest.<i in publications such as 

Selectxve and Blanket Electroless Cu Plating Initiated By 
contact ^illing^ Author - Dubln et al,- in .one 21-23, 1995 VMIC 
Con.ercnce, 1995 rSMiC pages 3X5-324. Wher publication which 
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^escribes elecc=oU = . Cu deposition in semiconductors is 

EiecCrole„ Coppe. Depcsitio. Cn Metal, and Metal Silicide,", 
Author- Cecilia V. Ma., ia «HS bulletin..^,. X994, pa,e. SS-ez. 

' fSC. ITr.T Pi-ting to cor. sexniccductor 

(5C, metallurgy mtercon.ection structure involves conO^iaing the 
con.ent.o.al dxy SC fa.rica.i.. .ecH.olo.y ..t. vet cecnnolo," 
that .3 necessary in ele=troU« and electrical .etal plating ■ 

1 . La : re^ire.ent/that 

! - - semiconductor manufacturing lin. 

qui.e difficult and expensive. When changing from a dry 
technology to a wet technology process, such as electroplating 
mechanical polishing etc., a very ca.eful cleaning and Lying 

til 1"' ''^ " 
t^n^ consuming and expensive and should be as limited as 

possible. 

SUMMARr OF THE INVENTION 

-or.-" " '"^^ i-eaticn to provide a method of 

■;hni""r;'''"''^'' -tanurgy on a SC substrate in which- 
the number of times the processes are changed from wet to dry is 
as limited as possible. ^ 

It is an object of the inve.ntion to provide a new self- 
contained enclosure to house the xa^ufacturing elements necessary 

o at^: "-^^^^"^ electroless and electro 

P-t.ng technics with mechanical/chemical polishing, and 
associated processes. 

rc is another object of the invention to provide an 
enclosure and manufacturing elements foi =.anuf acturing Cu 
metallurgy by electroless and elactroplati.-.g that can be 
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incorporated into a conventional manuracturing line, wh^re the 
remainder of the device is manufactured using dry very clean 



environments . 



It is yet another object of the invention to provide a 
laethod and a nanufacturing unit for utilizing Cu plati:.g and 
Planarizacion of the deposited layer,, wherein the requirements 
i.or changing environments is reduced. 

ra accordance with the aforementioned objectives an 
improved method of forming Cu interconnect metallurgy is 
presented. After the Internal device structure of substrate -"s 
forced by conventional technics, a first dielectric layer is 
formed In the substrate surface. A resist mask is deposited, 
exposed a.-id_developed to define a level of interconnection 
metallurgy. Grooves are etched into the first layer and the masJc 
removed. These sceps are all done in a very clean dry environment 
which is necessitated fay very siall metallurgy size. After a 
barrier layer is deposited on the surface and in the grooves, a 
layer of cu is plated on the STxrface, and the Cu layer polished 
- to expose the barrier layer. The exposed barrier layer is fche« 
etched away and th, Cu polished to planarize it with the 
substrate surface- A second barrier layer is selectively 
deposited on the Cu, using electroless plating technics. The 
substrate is then cleaned and dried, and a second dielectric 
layer applied. The aforementioned steps are repeated to form 
additional metallurgy layers. 

Also, a self-contained unit for forming Ca metallurgy 
interconnection structures for i-icorporation into SC 
manufacturing lines is presented. The unit of Che Invention has 
an enclosed chamber, input and cutout stations for introducing 

tppa-'acuf'^id^^^ rt^r' ^ Pi«-^ 

appa-acus , and a bath for eleccroless plating in the chamber, 

primary and secondary polishing apparatus in the chamber, 

automated i.ndexer apparatus for moving the wafers between the 

apparatus within the chamber, a..d a means to automatically 

operate the apparatus within the chamber. 
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DESCRIPTION or THE PREFERRTD EMBOOIKENTS 

1 ac ocT:::"' ^^^^^--^^ - — . on l top 

sc^ctuM containing internal device 

tl ! 11 " "'"""^ ^ ^"^^ environment, 

typ.clly a class 1000, by. technics well ^.own in the art 

substrate «ili Ha.e internal structure inclu^iin, VarLu" Jli^v 
re.xons recessed oxi.e isolation, transistors, resistors "c' 
that are well Icnown in. the art and .re not part of this . 

:i:r:::.s":t" ^ --r is .e^ositea 

on the suostrate, exposed, and developed to define the desired 

:iT.zz t"""^- ^^^^ exposed":::: of 

as platl r."' ^^^^-^ technics, such 

as plaszna etch.n^ etc. The steps i.^dicated by blocks 102 and 103 
c.n be repeated to for, via holes to the substrate or between 
metallurgy levels. Blocfc 104 indicates that the resist m.s.tas 
.een removed. Bloc. 105 indicate, that a thin barrier i:;:r o" 
the Oder of 100 n», is deposited on the surface and in the 
c:ald bT" ^-yer is typically Tl«, but 

the surface of the substrate and into the grooves, or 

TlllTT' ^"^"'^ '^'^ -ooves to 

a level above t..e surface of the substrate. The Ca layer 

.a.tern.txvei, can be deposited by electrorlss -elating technic, 
which are well iri/^t^ , * '^-^"y *-ecan-.C3, 

barrier Lr electroless plating is used the 

:::::: '"'^^'^'^ ^'^-^ ^^^^ activating 

agents as .s ^own. aioc. 107 indicates that the Cu laye^ i 

3":::^Tin^^icr:t:; - 

barr'.- , ""'^^"^^^ ^hat the e>cposed portions of the first 
-dL ; """'^ "''^^ ^ Block IC9 

;;rLT:u:::cVor:::^c!\t:: ^t: r^-^^-- - 

t.ie ames , using electroless plating. 
f 
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Slocks L06 through 109 are all w«h 

indicates a .econd diel.ctl l'r ' 

and the afored.scrib.a pLce!/:." T''''' '^"^ ^^^^^'^'^^ 

sr:.JsTf\T"^ ^ ".iconducto. 3u^.t--.te at various • 

r::-- — -"C~n:::.:rr^ - 

interconnect «et*ilur^ on a s^conductor device T^l J^ . 
device has been fabrf^»i-=H • device. Typically, the 

_ ecc^ic isolation, regions, and n-ovid** 

escaonaa and tc naincain hMf- 
is necesaary to raUrlcata ^ha ^J-ncaia, nut 

ri-^-i^- la^ricate tae modem very nicroitiniaturized 

devxce structure. In applicant's nanufactnrinc unit a .J . 
i2ianufacrnrir.rT =4-^ ^, uixit, a series of 

Ttaxiur^ r ^ °' 'abricatiag interconnection 

metallurgy are grouped and p«.'or»ed in a 3eif- contained 
enclosure where the environaent is less oncaxned 

Clean roo. class 1000. The nuJer o cLL r ^ 
c^a"c•e<; dMr-<n^ #r u • environment Is 

.vsc'r/T^ f-^rzcation or the interconnection ^.tallurgy 
^ysce. xs drastically reduced. This reduces the cost of 
^ai^rication, the ti«e re<,.ired to produce the devic!, and 

suoscrats 13 removed after the fi-gh k^^^- 

, -I ^ ci-3C barrier layer, block 10=? 

Che processing .r=. block 10, ICS done in a .e^ le.s 
stringent environment. In the prior art-.technolo^, the sZe 
processing .ould have reguired several environment chang s 
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Referriagr now to Tics 4a- /i^ 
= how in.!. -equenc.al cross, sectional view, that 

..r.H I '^'^-^ depressions 12 that define 

the Shape o, an interconnect structure. The sui=strate 10 win 
have conventional integrated clr-uif- h . 

c„^h ^'^ac-^J circuit structure enfaodied there '-n. 

sue. as .solat.on structure, .V^, re^^ons tCit 

fom .e»ory cells, switching circuits etc. The loL .e'el 
depressions 12a can ae.ine via holes throu.. a dielectric laye^ 
.hat serve as contact areas to variou. device regions and/or vL 
interconnection circuit structure Th« • 

a dlelect-i. 1> «c.x.cture The depressions 12b, formed in 

LZll °" substrate, define the interconnection 

.metallurgy ccnfic^uration. The depressions, I2a and b, are foZd 

'h^re " ' ^'"^ ^'"--^ environment. In Fig. 4b 

which is deposited by CVD or plasma deposition. 

laver'^/''"" * '"-"'^ '"^^-^ " deposited ove^ 

_. .^-cces7irdoir:tt\\— ^ 

.e.ving portions iL in thHe^es;!::"^" ^ " ^""^^ 

laye-"^/*"""'"'?^ ' ^^^^^ ^-^-^ °' Carrier 

th subst.a.e can oe planarized by polis.h-ihfto remove the 
Pcctruding Cu portions, and a second thin barrier Hverl^S 
selectively deposited on the Cu pattern surface The Loess can 
be repeated to for. another overlying „etallur.y laye^ 

The pla.,arization of layer 15 is accon:plished in an 
apparatus 20, shown in Tic 3 p„,.,u, 

-n tig. 3. Polishlngr apparatus 20 has a 
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surface. A rotaCabl. wafec carri„ 2S counted over talkie 22 

nT,rr"'' " """"'^^ ^" -ntact with 

pad 2. . A suxtable fracture 2e dispenses slu.ry on the, rotating 

Referring no. to Fig i, there Is schematically depicted the 

general structure. of the manufacturer a unit of ^h ■ , 

t.i.ujrir.g unit of the invention. The 

un.t 0 has an chamber 32 for enclosing the asscciated apparatus ■ 
The air environment in the unit is not as stri..gent as il a 
. "--=ional «a..ufacturing ii„e. Typically, a clean room class 
lOCO IS adequate. 

An input and output station 34 is provided to introduce and 
withdraw seialcoaductor wafers fro. the chamber 32. An electroless 
r.A deposition station, «d an electroplating or electroless 
Plating cu deposition station 38 are provided. These stations are 
typically Plating tanJcs filled with plating solutions a.nd a 
handling mechanism to support the wafers. Preferably a prececal 
Cleaning tank 40 and a cleaning station are also provided in 
chamber 32. A primary polishing apparatus 42 is provided,, which 
• is Shown in more detail in Fig. 3. This apparatus is used to 
remove the major portion to the Cu layer and uses a conventional 
pad and slurry. Preferably a secondary polishing aoparatus is 
provided for removing slurry fro:, the surface cf s^ibstrate 10 
This apparatus will normally use only ox water plus a very smooth 
Pas.e A slurry/electrolyte supply system 4. is provided within 
the chamoer 32. A suitable automated indexing apparatus 4 6 
capable of moving the substrates to and from the apparatus is 
,orcvided Within chafer 32. An additional L^ansfer" apparatus 48 
-3 ..re.erably provided adjacent polishing apparatus 42 and 44, 
a.id a water jat clea.iing unit. 

un^. embodiment of the unit 30 is shown in fig 2. The 

un-t 30 has a cha^nber 32, a primary polisher 42, a secondary 
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electroplating tan... 35 and 33. A. unload/load station 34. a 
water ^et cleaning stations SO 

tanks 40 .rH , =*tiong SO, a cleaning station 62 containing 

tanlcs <0, and an automatic indexer 46 are also included. The 
apparatus also includes an eleceroless barrier layer elating 
device and a barrier etching bath. * 

for o^rJn^'r' " electroplating apparatus 60 

IOC plating Cu on a substra*-** tk-. 

ta^k 72 wi,-h . ^^^trate. The apparatus 60 includes solution 

tank 72 wich a pu«= 7. co circulate the solution, a heat 
e..ha..ger 6 to maintain a constant temperature, and a niter 78. 
An .r..e:.nai baffle 80 directs the. solution to the wafer 10 

rotated by .otor 84. A second electrode 86 is counted in tan. 72, 

and powered by power supply 88. 

Alternatively the Cu caa be deposited by electroless 
deposxtacn over the firsr barriec layer 14 that has been 
activated. The activation can.be done in the very clean 
environment. The electroless deposition method i.^volves the 
forxataon of a thin fii« :aaterial on the substrate f.o. an 

•deL^L "^^"^^^ applied, voltage. The 

deposition .3 caused by an electrochemical reaction between the 
me.al ions, reducing agent, co«9lexing agents in the solution, 
and pH adjusters on a catalytic surface. Electroless .etal 
deposition processes can be divided into two steps: anodic 

reduction of «eta. ions. The role of catalytic materials in 
elec.roless deposition processes is to provide catalytic 
oxidation of reducing acen-s a-d ^-, 

fcr - . asen.s a..d to act as a conductive material 

for transport of electrons from tie sit6<j- «n^V>, 'a 
"anodi,. 4.- " °^ ^^-^ surface where 

anodic reaction occurs to the surface sites for cathodic 
reducrion of netal ions. T.he electroless deposition of T^M is 
known and the specifics will not be discussed. 
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various modification, can be aade in the unit 30 without 
tTlT" fro. the spi.it and scope or the invention. In ,ene.ai, 
t.e processing apparatus in ..it 30 rel.te to wet deposition and 
Planar.zxn^ appa^tu. and the elements that support ,uch 
apparatus 3uch as cLeanin, and etching elements. Substitutions 
can oe .ade In the apparatus, ror exanple, conventional electro 

".lll'^r'" eiectroless piatin. apparatus, 

rfhile the invention has been particularly shown and 
described with reference to the preferred e^^odXaents thereof, it 
Will be understood by those .^naed in the art that various 
Changes and modification, uay be ..de without departing from the 
=pxrx. or scope of the^ general inventive concept as defined by 
the appended claims. 

4. Brief Description of Drawings 

Fig. 1 is a schematic- view of the manufacturing- unit of the 
i-ivention.. 

rig. 2 is a top plan view of a cluster tool apparatus 
suitable for use in the manufacturing unit of the Invention. 

rig. 3 is an elevatioaal view of a mechanical polishing 
. apparatus suitaljle for use in t.>ie manufacturing unit of the 
invention. 

figs. 4a-4e is a sequence of cross sectional views that 
illustrate t.he nature of the operations to be performed in the 
■manufacturing unit of the invention. 

rig. 5 is a block diagram that depicts the sequence of 
process steps of the invention. 

Fig. S depicts an electroplating apparatus for decositing 
Cu. " 
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1. Abstract 

A seic coatiiaed unic ioc foming Cu metallu-gy 
i..Cerco..necticn stru<:tuce= on SC .ubscrate,. rh, unit ha, an 
enclosed cha=b„ „i,K a plurality Of apparatus fo. perrox»i.g w^c 
ces..3, including .X.c..-oI„. ...aX pla..., an. pX^..-., ^.j' 
T^. u..t p,-ov.cie3 a w«y of reducing the .v«.,..- of ti^e. the J^er 

t-a„s..„e. .,t.cen the wet proc.SS «.ps that re^i.e Lis 
environmental cleanline,, and ciry .exy dean p.ace.set =teps 

2. Rcpre sent a t i ve Drawing 

Fig.! 
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